miRNAs were detected in midguts at 7 dpi, while nine and three miRNAs were 42 significantly up-regulated and down-regulated, respectively, in midguts at 10 dpi. In 43 addition, Venn analysis showed that five DEmiRNAs were shared, while nine and 44 seven DEmiRNAs were specifically expressed in midguts at 7 and 10 dpi, 45 respectively. Gene ontology analysis suggested that a portion of the DEmiRNAs and 46 corresponding target genes were involved in various biological processes, cellular 47 components, and molecular functions including immune system processes and . N. ceranae is a widespread microsporidian pathogen of honeybees, which 86 was first discovered and described from A. cerana near Beijing, China 
5. Analysis of DEmiRNAs

190
The miRNA expression levels in each sample were normalized to the total number of nt, which accounted for 13.50% and 13.68% of clean reads, respectively ( Figure 1A ).
267
The nucleotide bias of miRNAs in the midgut of the A. c. ceranae worker was further 268 investigated, and the results showed that U was the most common nucleotide at the 5' 269 end of miRNAs ( Figure 1B) , which was consistent with other studies that also found 270 U to be the most common base at the extreme 5' end of miRNAs [45] [46] [47] . miR-276-y and miR-750-y were the most abundant known miRNAs in both AcCK1 284 and AcCK2 (Table 3) . We also predicted 25 novel miRNAs not previously found in A.
285
c. cerana, including 25, 22, 23 and 17 in AmCK1, AmT1, AmCK2 and AmT2 (Table   286 4), respectively. Among these, novel-m0019-3p, novel-m0001-3p, novel-m0012-5p, 287 novel-m0004-3p and novel-m0012-3p were the highest-expressed novel miRNAs 288 (Table 4) . Moreover, expression clustering analysis showed that these novel miRNAs A total of 14 DEmiRNAs were detected in AcT1 VS AcCK1 (Table S2) and 11 terms), and molecular functions (7 and 7 terms) ( Figure 6A , B, see also 7A, Table S6 ). The target genes of DEmiRNAs in AcT2 VS AcCK2 were involved in 342 92 pathways, and the most enriched pathway was the phosphatidylinositol signaling XM_017049298.1 and XM_017058024.1 (Figure 8A ). In contrast, miR-6313-y, 360 miR-3726-x, miR-9204-x and miR-6717-x could bind to only one target ( Figure 8A) .
361
In addition, as shown in Figure 8B , for DEmiRNAs in AcT2 VS AcCK2, miR-92-x, 362 miR-3654-y, novel-m0003-3p and miR-6313-y linked to six, four, two and one target 363 genes, respectively. 
Discussion
372
Previous studies have mainly been focused on western honeybee miRNAs [50] [51] [52] [53] [54] . 373 However, relevant studies on the eastern honeybee were extremely limited. In addition, eight predicted miRNAs were confirmed to be expressed in the midguts 392 of A. c. cerana workers via stem-loop RT-PCR (Figure 4) . Additionally, we also 393 validated the expression of another eight DEmiRNAs (Figure 9A-C, G-I, M-N . In our study, the most abundant miRNAs in (Table 3) . Surprisingly, these miRNAs were also highly expressed in AcT1 and 401 AcT2 ( Table 3) . As a versatile player in many biological processes in Drosophila, . In the present study, miR-2-y and miR-13-y were detected to be highly 424 expressed in the normal midguts of A. c. cerana workers (Table 3) were specific in AcT1 VS AcCK1, and all of them were conserved miRNAs ( Figure   438 5B, see also Table S2 and Table S3 ). Additionally, seven DEmiRNAs, including two 439 novel miRNAs (novel-m0003-3p and novel-m0019-5p), were specific in AcT2 VS 440 AcCK2 ( Figure 5B , see also single-organism process, and catalytic activity (Figure 6 , see also in AcT1 VS AcCK1 ( Figure 7A , see also Table S6) . Surprisingly, these immune 477 pathways were also enriched by DEmiRNA target genes in AcT2 VS AcCK2 ( Figure   478 7B, see also MiR-1 is a muscle-specific miRNA that plays important roles in regulating heart 485 development and muscle differentiation [73] [74] . It has also been known to be a tumor 486 suppressor gene that not only inhibits cancer cell proliferation, metastasis, and 487 invasion but also enhances apoptosis by regulating oncogenic targets in many cancer 488 cells [75] [76] . In insects, miR-1 was found to be involved in immune processes in . 507 Apoptosis is of great importance for development and pathogen defense in 508 multicellular organisms including insects [84] [85] . . In this present study, miR-92-x had a sharp down-regulation, 
